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Foreword

Although this 18 the final report of Navy Research
Project N7 onr - 28808, it does not represent a summary
of the work done or the results obtained under this
project. Rather, it i3 a continuation of the seventh

and cight reportb, and should be read in conjunction

with these reports.
Much of the analysis presented in this report is

not new, As a summary cf known facts, however, it may
be of value in the design of trigger circuits, Appli-
cation of the methed of analysis of Technical Report
No. Eight in the determination of the figure of merit
for highespeed triggering is believed to be new.
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When the triggering voltage applied to Eccles=Jordan ¢irsuit is
equal te or slightly larger than the minimum value required to initiate
change of equilibrium state, or if the triggering amplitude is considerably
greater than the minimum value but rises very slowly, the change of state
{6 a regenecrative precess lnvolving both tubes, On tho other hand by the
uge of a negative triggering veltage of short rise time, high amplitude,
and long duration applied to the grid of the initially conducting tube,
it {8 possible to trigger the circuilt in such & murner that the initianlly
conducting tube is suddenly cut off and remains s& throughsut the change ef
ecullibrium state, The voltage across the load realstor of tho initially
conducting tute is thon a step function and the transfor process 45 &
transient that doea not invoive the initially corducting tube, A similar
situaticn obtains when a8 positive triggering voltage of shord rise timo,
high ampldtude, and long duration 1s applied to the grid ¢f the tube that
is initially nencondueting.

An analysis by Snowdon for the typo of transitien in which beth tubes
participate indicates that a rapid triggering requires a high ratio of trans-
conductanece to effective tube input capacitaz:e.l This pame result is
inowden, S. Cv, Phe D, thesis, Col. Inst, ef Tech.,, 1945, See Hadiation
Laboratory Series, Vel, 19, Secy» 5.7 for &n abstract,
ebtsined by the methed of analysis discussed in the Eighth Technieal Report
of this project, in which the Eccles~Jordan circult is considered as a
feedback amplifier. Fipgure 1 shows the Eccles~jordan circuit, and Fig., 2
shows the two-stage direct.-coupled amplifier from which it is derived by
connecting the output terminals to the input terminals, The curve of Fig,

% srows the pereral manner in whieh ¢hs cutrut voltage e, varies with the
input voltage °, and possible ecuilibrium values of voltage are thcse corresd-
ponding tm the intersection of the curve vith the straight line, e, = e,
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Ao pointed out in the oigiith tcehnieal report, the dynamic curve
eorrespending to rapidly changing voltagns i less stesp than the
gtatic ourve, the astoopness deereasing with inereaso of rate of
change of voltage. Fkor a sufficiontly high rats of chango of volt=
age, tho amplification of the circuit of Fig. 2 is vnity, and the
slope of tho dynamic curve is the same as that of tne straight
lire, e, = 0,4 If this is o, transior from one utate of cqui-
librium to the other can tako place without vieluting the rejuire-
ment that e = 6, thec rate of change of voltage at each instant
during the transfer necessarily agjusting it:.f sc that the overall
amplification 8 unity und the alupe of dynamic curve is also unity.

Because the reduction i.nrelope of the dynamie characteristic
is the result of shunt capacitances, and wecause the initial slope
is the low-frequency ampllfication of the amplifier, the valus of
de,/dt at which the slops (amplification) is reduced to unity in-
creases vith increase of lew-frequency amplification and ith
decrrase of shunt capacitainces, The value of R, used in trigrer
circuite is usunlly small in comparison s-dith the plate resistance
of the tube and Re + R,' is usually much larger than R. Conse-
quently the loew~fre:uency voltage amplification is to a first
apprexization equal to g R and the figure of merit of the eircuit
for rapid triggering is &a:Rb/ce’ where C_ ic the total effective
shunt capacitance of the tube, It should te noted that the in~
crease of de /dt  resulting from an increase of R dnes not neces-
sarily reduce the time required for triggering, since tntal change
of e, between the tin states of equilibrium also increases with
Rb.

Wher the triggering voltage has an amplitude corsiderably
greater than the minimm wvalue that causes the circuit to trigger
nnd when it rises in a time sheart in comparison with the triggering
tire, the behavior of the circuit depends upon a numter of factors,
including the magnitude of the voltage, its rise time, and its
duration. One practical case that yields tn apalysis is that in
which the magnitude of the trigpering voltage rises very rapidly to
a value sufficient to cut aff the initially conducting tube or to
raise the grid voltagn of the initially nonconducting tute ts zero,
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and in which the duratlon of the triggering voltage oxceeds the
time recuired for equilidbrium to be estadlished in all parts of

+he elreult. If tho plate ocurrent of the tube to which the control
pulso is applied is aosumed to change instantancously from its 'on!
value to zero, or vioco verss, and not to change thereafter, the
remainder of tho trigagoring procees is a tranelent phenomenon in
which this tubo does not participate,

If tube 1 is initially conducting and the triggering voltage
csuts this tube off, cpplicaticn of the triggering voltage is folluwed
by a transient peried in which beth tubes are cut off and charging
or discharging of the circuit capacitances through the circuit re-
gistances results in an exponential rise of grid voltage of tube 2,
During this portion of the transiant, the input capacitance of tube
2 is merely the '"eold" capacitence, When the grid voltage of tube
2 reaches the cutoff value, plate current starts flowing in this
tube and its plate voltege falls in a manner determinad both by
the rise of grid voltage and by the capacitances and rasistances in
its plate circuit, During this portion of the transient, the input
capacitance of tube 2 1s augmented as the result of the Miller
effect, and the rate of rise of grid voltage 1s consequently de-
creased, (Because of the high rate of change of grid veltage,
however, the amplification of tubs 2 is relatively low and the
Miller effect is much smaller than it would be if the samo cir-
cuit were used as a low~frecuency amplifier, When the grid volt-
age of tube 2 reaches the value at vhich yrid conduction starts,
veltage drop through the coupling resistor Rc prevents appreciable
further rise of voltage, During the remainder of the transient,
the plate voltape of tube 1 continues to rise exporentiallv as its
plate~cathode capacitance charges, and the plate voltage of tube 2
falls exponentially as its plate-catlicde capacitance discharges.
The esuivalent circuit for this tyre of urigpering is shown in Fig.
4. Opening of switch Sl represents the cuttinge off of tube 1 by the
impreseed triggering pulse. Closing of switch 52 represents the
starting of plate current in tubte 2, and the closing of 53 represents
the initiation of pgrid conduction in tube 2,
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A sinilar seriss of traralonts takes place if tudbs 1 is ini-
tially nonconducting and a large positive pulsc is applied to the
grid of thut tube,

Although the cireult of Fig. 4 is rather lnvolved, aimplifying
resumptions make the circuit amenable to solution. Furthermoro,
the manner in which the various circuit elamento affect the speed
of transition can be seen by inspection.

The forsgoing analyses indicate that the sped of triggering
may be increised in the following ways:

(1) By decreasing tube and circuit capacitances. Although
the Miller effesct causes gride-plate capacitance to be more object~
ionable than grid-cathode and plate-cathode capacitance, this facter
is probably of considerably lesn improtance than in azplifiers.

(2) When the circuit is trigpered in such a monner that only
one tube participates in the switching transient, the spred of
trigeering may be increased by decreasing the load and coupling
resistances in order to reduco the RC time constants, When both
tubes participate in the entire transfer rroceas, increse of lead
registance increases the low=frrcucncy amplificatior and therefore
the rate of change of voltage, On the other hand, it increases
the total change of voltage betwvieen atates, It seams likely that
there is an optimum value at which the time of transfer has a
minimum value,

(3) By increasing the tube transcornductance. When the circuit
is triggered in such a manner that both tubes participate in the
entirs transfer process, increase of transconductan¢e increases the
low=frequency amplification and therefore the rate of change of
voltage at which the amplification is reduced to unity, When the
circult is triggered in such & manner that only cne tute participates
in the transfer prccess, high transconductance favers rapid charging
of the effective lecad capacitance during the porticn of the transfer
trarsiert in which the tube conducts. Increase of transcencuctance
2180 reduces the mirimun values of circuilt resistarnces for which
the circuit has two gtable states, It therefore makes possible the
use of smaller resistancos ard therefore more rupid charpe and dis-
charge of the circult capacitances during the transfer transients,




Yale Urlversity
Navy Research, N 7 onr - 28808 54

(4) Whesn the circuit is triggered by means of a long large-
amplitude negative pulse applind to the grid of the initially con=
ducting tube, the spsad of transfer is increased by an inorease
of poesitive grid supply voltago, The reason for this ig that the

maximum voltage to which the input capacitance of the initially none

conducting tube is charged is limited to approximately zero by
voltage drop caused bty the flow of grid current through the coupl-
ing resistor. The higher the impressed voltage in the grid cire
cuit, the lower 1s the percentage of the final voltage to which
the capacitor charges and hence the shorter the charging time,

(5) The transfer time can be decreased by reducing the
range through which the plate and grid voltayges changs, A3 point-
od oub wnder {£), if this is done by reducing the resistances Rys
the reduction of lowe{requency amplification reduces the rato nof
change of voltages 2nd the net effect may not be to decrease the
tranafer time., Furthermere, decrease of Rh reduces the stabllity
of the circuit in the twc stater of equilibrium and therefrrs
makes it more critical of adjusiment and more susceptible to ur=
desired ¢riggering by fluctuations of supply voltage or noise,

A more satigfactory meti.cd of reducing the voltage change is
to use olamping (cstching) diecdes that limit the maximum and mine
imum values of triode plate voltage, as shown in Fig. 5. When
the voltage of either of the plates exceeds the voltage Vl’ Con=
duction of cne of the upper dicdes produces a large voltage drop
in Rb that prevents appreciable further incrsase f plate volt-
age. Similarly, if the voltage of either of the plates falls
below Vz,ccnduction of ona of the lecwer dicdes prevents further
decrease of plate voltage, The plate voltage change during
trangition is therefors limited te approximately the difference
vetween V, and Vl' An objection to clamping the minimum plate
voltage 1is the effect of the relatively high cathode~heater
capacitance of the lower diodes,which augments the plate=-cathode
capacitance of the triodes, Although crystel dlodes cay be used,
the dependence of their characteristics upon temperature leads to
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other difficultios in some applications of tho circuit. Tt may
then be desirable to clamp only the upper limit of plate-voltage
ercursion, Whon clamping diedes aro used, the plate load rcsistors
may bo made largs cnough to assure adesuato stability and low-
frecuency amplification,

Comparison of ihe mechanisms of triggering vhon both tubes
participate in the transfer and vhen only one tube participates
vould appear to indicate that the spsed of triggering should be
greater vhen both tubes participate, It had been hoped that an
oscillographic study of these t10 typus of triggering would yield
experimental confirmation of this conclusion, and an extension,
without funds, of Contract N 7 onr - 28808 was theraefore requested
and granted, Unfortunatcly, the lack of availability of personnel
greatly limited the erfort that could be put inte this phase of
tha contract, and conclusive results have not yet been achieved,
It ie the hupe of the writer to continuo this work and to submit
8 supplementary roport at a later dato.
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